The compounds present in rose hips exerting an inhibitory action against melanogenesis in B16 mouse melanoma cells were investigated by dividing an aqueous extract of rose hips (RE) into four fractions. The 50% ethanol eluate from a DIAION HP-20 column significantly reduced the production of melanin and was mainly composed of procyanidin glycosides. We also found that this 50% ethanol eluate reduced the intracellular tyrosinase activity and also had a direct inhibitory effect on tyrosinase obtained as a protein mixture from the melanoma cell lysate. We also investigated the effect of orally administering RE on skin pigmentation in brown guinea pigs, and found that the pigmentation was inhibited together with the tyrosinase activity in the skin. These data collectively suggest that proanthocyanidins from RE inhibited melanogenesis in mouse melanoma cells and guinea pig skin, and could be useful as a skin-whitening agent when taken orally.
The compounds present in rose hips exerting an inhibitory action against melanogenesis in B16 mouse melanoma cells were investigated by dividing an aqueous extract of rose hips (RE) into four fractions. The 50% ethanol eluate from a DIAION HP-20 column significantly reduced the production of melanin and was mainly composed of procyanidin glycosides. We also found that this 50% ethanol eluate reduced the intracellular tyrosinase activity and also had a direct inhibitory effect on tyrosinase obtained as a protein mixture from the melanoma cell lysate. We also investigated the effect of orally administering RE on skin pigmentation in brown guinea pigs, and found that the pigmentation was inhibited together with the tyrosinase activity in the skin. These data collectively suggest that proanthocyanidins from RE inhibited melanogenesis in mouse melanoma cells and guinea pig skin, and could be useful as a skin-whitening agent when taken orally.
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Melanin plays an important role in protecting human skin from the harmful influence of UV radiation from the sun. However, an abnormal accumulation of melanin as highly pigmented patches on specific parts of the skin can become an esthetic problem. Skin lighteners are applied in Western countries to prevent and treat such irregular hyperpigmentation as melasma, freckles and age spots. There has also been a long cultural tradition in Asia of trying to make the skin look whiter. 1) Flavonoids are a group of polyphenolic compounds widely distributed in plants. Their potent bioactivity and relatively low toxicity have rendered them attractive for use as active ingredients in functional foods and even cosmetics. It has been reported that (À)-epigallocatechin gallate, 2) taxifolin, 3) and procyanidins 4) reduced melanin synthesis in B16 mouse melanoma cells. We identified in a previous study three kinds of flavonoids and four of their glycosides in one of the column-chromatographic fractions of a rose hip extract that showed the highest inhibitory activity against mushroom tyrosinase, and also demonstrated that quercetin had the highest inhibitory activity among them. 5) We also showed that quercetin had the highest inhibitory activity against melanogenesis among these isolated compounds by using B16 mouse melanoma cells. 6) However, the very low content of quercetin in rose hips prompted the notion that it would contribute only slightly to the inhibitory activity against melanogenesis. The compounds in rose hips primarily responsible for the inhibition of melanogenesis therefore remained to be characterized.
We investigated in the present study the effects of various fractions from an aqueous extract of rose hips (RE) on melanogenesis in B16 mouse melanoma cells, and also identified the active melanogenesis-inhibiting compounds. To develop the application of rose hips as a functional food ingredient, we confirmed the inhibitory effects of RE on skin pigmentation by orally administering to brown guinea pigs, and compared the mechanisms responsible for this inhibition of melanogenesis between B16 mouse melanoma cells and brown guinea pigs.
Materials and Methods
Materials. B16 mouse melanoma cells were obtained from RIKEN Cell Bank (Tsukuba, Japan). Theophylline, arbutin, the Folin-Denis reagent and RIPA buffer were purchased from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's modified Eagle's medium (DMEM) and other tissue culture reagents were purchased from Invitrogen (Carlsbad, CA, USA). The antibodies used were polyclonal antityrosinase (M-19: sc-7834), and horseradish peroxidase-conjugated bovine anti-goat IgG (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Authentic anthocyanidins (cyanidin chloride, pelargonidin chloride and delphinidin chloride) and procyanidin B2 were obtained from Funakoshi Co. (Tokyo, Japan). All other reagents were of the highest grade commercially available.
Extraction and fractionation of rose hips. Rose hips were extracted and fractionated to evaluate the active compounds responsible for the melanogenesis-inhibiting effect. Dried rose hip shells (25 g) were refluxed with hot water for 2 h, and then the water was evaporated to dryness under reduced pressure to provide an aqueous extract of rose hips (RE, 10 g). This extract was suspended in 70% acetone and divided into its insoluble and soluble fractions. The 70% acetonesoluble fraction was then fractionated into its ethyl acetate and water fractions. The water fraction was further fractionated by DIAION HP-20 (Mitsubishi Kasei Co., Japan) column chromatography to give water and 50% ethanol eluates. The yields of each fraction are summarized in Table 1 .
Total phenolics assay. The total phenolics in each fraction were measured by using the Folin-Denis reagent, with procyanidin B2 as the standard. A 50-mL amount of the sample or standard solution, 100 mL of a saturated sodium carbonate solution, 50 mL of the Folin-Denis y To whom correspondence should be addressed. Fax: +81-798-45-2339; E-mail: fujii@mikiprune.co.jp reagent, and 800 mL of water were mixed and stored at room temperature for 30 min, before the optical density of each sample solution at 700 nm was measured with a spectrophotometer. Total phenolics were quantified by calibrating against a standard procyanidin B2 solution.
Measurement of the total sugar content. Total sugar in the 50% EtOH eluate was measured by the colorimetric method, using phenolsulfuric acid with glucose as the standard. A 500-mL amount of the sample or standard solution, 500 mL of a 5% phenol solution, and 2.5 mL of sulfuric acid were mixed and kept at room temperature for 30 min. The optical density of each sample solution was then measured at 490 nm and corrected for the value obtained from the assay mixture devoid of the phenol solution to avoid any potential interference by the sample and sulfuric acid.
Proanthocyanidin assay. Proanthocyanidins in the RE fractions were measured by a colorimetric assay according to the method described in the previous report 7) with procyanidin B2 as the standard. The reaction mixture in a tube contained 58 mL of the sample or standard solution, 1 mL of 0.6 M HCl in BuOH, and 16 mL of a 0.04 M ammonium ferric sulfate solution, and was maintained at 95 C for 50 min. The tube was then cooled to room temperature, and the absorbance at 555 nm was photometrically measured. Proanthocyanidins were quantified by calibrating against the standard procyanidin B2 solution.
Acid hydrolysis. This was performed with hydrochloric acid according to the method described 8) with slight modifications. HCl (0.6 M) in n-butanol (BuOH) was added to the sample, and the mixture was hydrolyzed at 95 C for 1 h. The resulting hydrolysate was concentrated to dryness under vacuum and redissolved in 0.75% phosphoric acid in 50% MeOH. The hydrolysate was identified by HPLC, using an LC-2010A instrument (Shimadzu Corp., Japan). An aliquot (10 mL) of the hydrolysate was applied to an STR ODS-II column (4:6 mm Â 150 mm; Shinwa Chemical Industries, Japan) and eluted with a linear acetonitrile gradient (5% to 65% in 50 min) containing 1.5% phosphoric acid at a flow rate of 0.5 mL/min. The column temperature was maintained at 35 C.
GPC analysis of the proanthocyanidins. The molecular weight of the proanthocyanidins was estimated by a gel permeation chromatographic (GPC) analysis according to the method described in a previous report 8) with slight modification. An aliquot (20 mL) of the 50% EtOH eluate was applied to a TSKgel Alpha-4000 column (7:8 mm Â 300 mm; Tosoh Co., Tokyo, Japan) and eluted with 10 mM LiBr in N,N-dimethylformamide at a flow rate of 0.6 mL/min. The column temperature was maintained at 40 C. The monitoring absorbance was set at 280 nm, and TSK standard polystyrene (Tosoh Co.) was used for the calibration curve.
Cell culture. B16 mouse melanoma cells were maintained in DMEM with 10% heat-inactivated fetal calf serum (FCS) and a 1% antibiotic-antimycotic at 37 C in a humidified 5% CO 2 atmosphere.
Ten thousand cells in 500 mL of the medium were plated on a 24-well microplate. After 24 h of incubation, 500 mL of the medium with 2 mM theophylline and a test sample were added. The mixture was incubated for 72 h before a series of measurements was performed.
Measurement of the cell viability. Cell viability was measured as previously described. 9) After washing the cells with PBS, 500 mL of the medium with a 10% 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium solution (Tetra Color ONE, Seikagaku Corporation, Japan) was added. The mixture was incubated for 1 h, and the formation of formazan was photometrically determined at 450 nm with a microplate reader. All analyses were performed in duplicate, and results are expressed as a ratio relative to the value for the untreated control.
Measurement of the melanin content. The melanin content of B16 mouse melanoma cells was measured as described previously. 6) After the cells had been washed with PBS, they were lysed in 150 mL of 1 M NaOH and then boiled for 5 min to dissolve the melanin. A 100-mL amount of each lysate was loaded into a 96-well microplate, and the absorbance at 490 nm was measured with a microplate reader. All analyses were performed in duplicate and results are expressed as a ratio relative to the value for the untreated control.
Measurement of the tyrosinase activity in B16 mouse melanoma cells. The tyrosinase activity in B16 mouse melanoma cells was measured as described previously with slight modifications. 10) After the cells had been washed with PBS, they were lysed by freezingthawing in 150 mL of PBS with 1% Triton-X. The lysate was clarified by centrifugation at 10;000 Â g for 5 min, 100 mL of the lysate was loaded into a 96-well microplate, and 100 mL of 2 mM L-DOPA was then added. After incubating for 1 h at 37 C, the absorbance at 490 nm was measured with a microplate reader.
Inhibition assay of tyrosinase activity in a cell culture-free system. The inhibition of tyrosinase activity obtained as a protein mixture from the B16 mouse melanoma cell lysate was measured as described previously with slight modifications.
3) A 50-mL amount of a test material at different concentrations and 100 mL of 2 mM DOPA as the substrate for tyrosinase were loaded into a 96-well microplate. After incubating at 37 C for 10 min, 50 mL of the cell lysate (containing 400 mg of protein/mL) was added, and the microplate was incubated at 37 C for 10 min. The assay was also run by using the reaction mixture without the substrate to correct for any potential interference by the samples. DOPA chrome formation was estimated at 490 nm and corrected for the value obtained from the assay mixture devoid of the substrate. All analyses were performed in duplicate and results are expressed as a ratio relative to the value for the untreated control.
Animal study on brownish guinea pig with UVB-induced pigmentation. Six-week-old female brownish guinea pigs were purchased from Tokyo Laboratory Animals Science Co. (Tokyo, Japan). All animals had free access to a standard RC4 diet (Oriental Yeast Co., Tokyo, Japan) and water and were kept in an air-conditioned room (21 C-23 C, 42%-66% humidity) under a 12 h light/dark cycle. After acclimatization for 6 d, 12 brownish guinea pigs were assigned to two groups and orally administered water or 500 mg of RE/kg of BW/d diluted to 10% w/v for 35 d.
To develop pigmentation, the back of each guinea pig was cleanly shaved with electric clippers, and a 4-cm 2 area of the skin was irradiated with 0.384 J/cm 2 (0.8 mW/cm 2 Â 8 min) from an FL20SE ultraviolet (UVB) lamp (Toshiba, Tokyo, Japan).
All guinea pigs were irradiated on days 8, 10 and 12 after starting the experiment. The lightening effect was determined by measuring the L Ã value with a CR-11 reflectance spectrophotometer (Minolta, Tokyo, Japan). The blanching effect was quantified by the increase in L Ã value:
À L Ã (on the first day of the test, before UV irradiation)
After the test period, on day 36, the animals were sacrificed, and the back skin samples were removed and stored at À80 C. These skin samples were homogenized in a RIPA buffer before measuring the tyrosinase activity and protein expression. Measurement of DOPA-positive melanocytes in brownish guinea pig skin. DOPA-positive melanocytes in the irradiated area of the guinea pig skin were measured as described previously.
11) The skin tissue samples taken from UVB-irradiated areas of each brownish guinea pig were incubated in 1 M NaBr at 37 C for 5 h, and epidermal sheets were separated from the dermis. The epidermal sheets were washed with PBS, fixed for 30 min in 10% formalin in PBS, and incubated at 37 C for 5 h in 0.1% L-DOPA in PBS. The number of DOPA-positive melanocytes within the defined area was counted in each specimen by an optical microscope at a magnification of Â200.
Measurement of the tyrosinase activity in guinea pig skin. The tyrosinase activity in guinea pig skin was measured by the same method as that for B16 mouse melanoma cells already described. A homogenate of the back skin (200 mg of protein in 100 mL of a RIPA buffer) was incubated with 100 mL of 2 mM L-DOPA for 2 h at 37 C. The absorbance at 490 nm was measured with a microplate reader. All analyses were performed in duplicate and results are expressed as a ratio relative to the value for the untreated control.
Western blotting. The expression of tyrosinase protein in B16 mouse melanoma cells and guinea pig skin was measured as previously described.
6) Equal amounts of protein from each lysate (25 mg/lane) were separated by 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, and the separated proteins were transferred to a PVDF membrane. The membrane was blocked in a washing buffer consisting of 0.1% Tween-20, 25 mM Tris and 150 mM NaCl with a 10% EzBlock blocking solution (Atto Co., Tokyo, Japan) for 1 h at room temperature with agitation. The membrane was then incubated with the primary antibody diluted in the washing buffer (antityrosinase, 1:250) for 1 h at room temperature with agitation. The membrane was washed three times for 10 min each with the washing buffer, and then incubated for 1 h at room temperature with the horseradish peroxidase-conjugated bovine anti-goat IgG antibody diluted 1:1000 in the washing buffer. After this incubation, the membrane was again washed three times for 10 min each in the washing buffer. The antigen-antibody peroxidase complex was then detected by using an EzWestBlue tetramethylbenzidine (TMB) solution (Atto Co., Tokyo, Japan) in accordance with the manufacturer's instructions. The band density was quantitatively analyzed with Image J software.
Statistical analysis. The Tukey-Kramer multiple-comparison test was used for the in vitro study and Student's t test for the in vivo study, using JMP 7.0.1 software.
Results
Dose-response effect of RE on the melanin content of B16 mouse melanoma cells RE was added to the culture medium at various concentrations (0, 250, 500, and 1,000 mg/mL) in order to confirm its melanogenesis-inhibiting effect. Arbutin, a known melanogenesis inhibitor, was used as a positive control. As summarized in Fig. 1 , RE reduced the melanin content in a concentration-dependent manner. The melanin content was reduced to 65.6% at 250 mg/mL, 37.8% at 500 mg/mL and 19.0% at 1,000 mg/mL, as compared with the level in the non-treated control cells, without any significant cytotoxicity.
Effects of fractions from RE on the melanin content of B16 mouse melanoma cells
We fractionated 10,000 mg of RE into four fractions (the 70% acetone-insoluble and ethyl acetate-soluble fractions, and H 2 O and 50% ethanol eluates) to estimate the compounds actively contributing to the melanogenesis-inhibiting effect of RE. The total yield was 9,889 mg, and there was little loss during the fractionation procedure. To assess the contribution of each RE fraction to the melanogenesis-inhibiting effect, the melanin contents of B16 mouse melanoma cells were measured after incubating with RE and the four fractions separated from it (Table 1) . RE reduced the melanin content of B16 melanoma cells to 19.9% at 1,000 mg/mL. Although each fraction separated from RE showed melanogenesis-inhibiting activity, only the 50% ethanol eluate reduced the content significantly to 46.0% at 186 mg/mL relative to the control.
Compositional properties of the fractions from RE
Since the 50% ethanol eluate appeared to contain phenolic compounds because of its adsorption to the DIAION HP-20 column, we measured the total phenolics and proanthocyanidins in each fraction from RE ( Table 2) . As expected, the 50% ethanol eluate contained a considerable amount of phenolic compounds (44.0%), of which proanthocyanidins accounted for about 80%. The total sugar content was measured to reveal the substance(s) other than phenolic compounds in the 50% ethanol eluate, and found to be 60.1%, suggesting that this fraction was composed mainly of proanthocyanidins and sugar.
Qualitative analysis of proanthocyanidins in the 50% ethanol eluate
To evaluate the constituents of proanthocyanidins in the 50% ethanol eluate, an HPLC analysis of the acid hydrolysate of this eluate was performed. As shown in Fig. 2 , only one major peak was apparent on the chromatogram obtained, this being identified as cyanidin by comparing the retention time with those of authentic anthocyanidins. These results demonstrated that the proanthocyanidins in the 50% ethanol eluate were of the procyanidin type, i.e., (þ)-catechin and/or (À)-epicatechin derivatives. A further analysis estimated the apparent molecular weight distribution of proanthocyanidins in the 50% ethanol eluate by GPC measurement (Fig. 3) . The eluate was eluted at the same retention time (15.4 min) as a standard with a molecular weight of 2500. These data suggested that the average molecular weight of the proanthocyanidins in the 50% ethanol eluate was 2500, and that the proanthocyanidins were mainly octameric as the aglycone equivalent.
Inhibitory effects of RE and the 50% ethanol eluate on tyrosinase activity in B16 mouse melanoma cells
We measured the intracellular activity of tyrosinase to clarify the mechanism for melanogenesis inhibition by RE. As indicated in Fig. 4A , RE inhibited the intracellular tyrosinase activity in a concentration-dependent manner, reducing it to 71.7% at 250 mg/mL, 53.7% at 500 mg/mL, and 24.2% at 1,000 mg/mL, relative to the non-treated control cells. RE also inhibited the activity of tyrosinase itself in a concentration-dependent manner in a cell-free system containing a protein mixture from a B16 melanoma cell lysate (Fig. 4B) . Moreover, we confirmed that the 50% ethanol eluate, which contained the active principle responsible for the melanogenesisinhibiting effect of RE, inhibited the tyrosinase activity both within living cells (Fig. 4C) and also directly in a cell-free system (Fig. 4D) .
Inhibitory effect of RE on UVB-induced pigmentation in guinea pig skin
The general condition and behavior of all the guinea pigs employed were normal, and the body weight and food consumption of all groups during the study were almost the same. As shown in Fig. 5A , the skinlightening effect of RE was quantitatively evaluated by determining the change in L Ã value during 35 d of administration of the vehicle (water) or RE. Although the L Ã value of the irradiated area in the vehicle group decreased dramatically as a result of UVB-induced pigmentation, that in the RE group was significantly higher than in the vehicle group at each time point after irradiation. Figure 5B shows pictures of typical skin samples after the oral administration of the vehicle or RE. The UVB-induced skin pigmentation was reduced in the RE group.
Effect of RE on the number of DOPA-positive melanocytes in guinea pig skin
The number of DOPA-positive melanocytes in the UVB-irradiated skin of the RE group (19:9 AE 7:2 cells/ 0.14 mm 2 ) tended to be lower than that in the vehicle group (23:4 AE 4:8 cells/0.14 mm 2 ), but not to a significant degree.
Effect of RE on the tyrosinase activity and expression of tyrosinase protein in guinea pig skin
To clarify the mechanism responsible for the skinlightening effect of RE, we measured the activity of tyrosinase and the expression of its protein in the irradiated area of guinea pig skin. As indicated in Fig. 6 , the tyrosinase activity (A) in the RE group was significantly lower than that in the vehicle group. In contrast, the expression of tyrosinase protein (B) in the RE group was significantly higher than that in the vehicle group.
Discussion
It has been reported that such natural products as apple, 4) acerola, 12) and oolong tea 13) had a melanogenesis-inhibiting effect in B16 mouse melanoma cells, but few data are available on the effects of rose hips. The results of a previous study using B16 mouse melanoma cells 6) have shown that quercetin had the highest inhibitory activity against melanogenesis among the compounds isolated from rose hips. However, the quercetin content of RE was as low as 0.027 mg/g, Absorbance at 280nm and its contribution to the melanogenesis-inhibiting effect was less than 1% when compared with that of RE (data not shown). Quercetin was therefore a minor principle contributing to the melanogenesis-inhibiting effect of RE, the active inhibitory compounds in rose hips thus remaining to be characterized. It was also not appropriate to evaluate the melanogenesis-inhibiting effect of RE only on the basis of an in vitro study, because polyphenols, which are usually present as glycosides, must generally be hydrolyzed to their aglycones by intestinal hydrolytic enzymes and/or by colonic microflora before they can be absorbed in vivo.
Once absorbed, they are subjected to such conjugation reactions as methylation, sulfation, and glucuronidation. The forms reaching the blood circulation and tissues therefore differ from those present in foods, making animal studies necessary for the development of functional foods.
In the present study, therefore, we investigated the effects of RE on pigmentation in brown guinea pigs, as well as the effects of the fractions separated from RE on melanogenesis. The contribution of each fraction to the melanogenesis-inhibiting effect of RE was evaluated in B16 mouse melanoma cells. Although the 70% acetoneinsoluble and ethyl acetate-soluble fractions and the H 2 O eluate exerted no clear effects against melanogenesis at the doses tested, the 50% ethanol eluate significantly attenuated melanogenesis (Table 1) . This fraction therefore contained the active compounds with a melanogenesis-inhibiting effect.
An HPLC analysis of the hydrolysate after acid hydrolysis of the 50% ethanol eluate clarified that the eluate was composed mainly of procyanidin-type proanthocyanidins (Fig. 2) . Procyanidin is known to be a major type of proanthocyanidin that has been isolated from such plants as red-hulled rice, 8) grape seeds, 14) apple, 15) pine bark, 16) and rose hips. 17) We carried out an HPLC analysis to determine the type of sugar present in the 50% ethanol eluate which had a high total sugar content ( Table 2) . Although no free glucose was detected in the 50% ethanol eluate, the acid hydrolysate of this fraction did contain glucose (data not shown). It was therefore presumed that the sugar in this eluate was a component of the proanthocyanidin glycosides.
The 50% ethanol eluate dose-dependently inhibited the activity of tyrosinase in B16 mouse melanoma cells (Fig. 4C) . These results could not be explained by cytotoxicity, because there was no evident decrease in the number of viable cells up to a concentration of 200 mg/mL (data not shown). To clarify the mechanism responsible for the inhibitory effect of the 50% ethanol eluate, its effects on the activity and protein expression of tyrosinase were measured. Although the 50% ethanol eluate inhibited tyrosinase activity in a cell-free system (Fig. 4D) , it had no effect on the expression of tyrosinase protein (data not shown). It has been well documented that proanthocyanidins exerted a direct inhibitory effect on mushroom tyrosinase. 4, 18) Although the detailed mechanism for tyrosinase inhibition in B16 mouse melanoma cells remains to be clarified, Uehara et al. 19) have concluded that proanthocyanidins from grape seeds inhibited tyrosinase activity via the chelation of copper bound to tyrosinase and/or denaturation of the enzyme protein itself by a tannin-like effect. They have also demonstrated that proanthocyanidins from grape seeds had no effect on the expression of tyrosinase protein in normal human melanocytes, in accordance with our western blotting results.
We have demonstrated for the first time that the oral administration of RE effectively whitened the pigmented skin of guinea pigs (Fig. 5) . It has been reported that proanthocyanidins from grape seeds attenuated pigmentation in guinea pig skin.
18) The active principle responsible for this pigmentation-inhibiting effect of RE in guinea pig skin in this study also appeared to be proanthocyanidins, as expected from the results obtained using B16 mouse melanoma cells. Although it has been suggested that proanthocyanidins from grape seeds attenuated pigmentation by reducing the number of DOPA-positive melanocytes in the pigmented skin, tyrosinase activity was not investigated in the pigmented skin itself. We have demonstrated that tyrosinase activity was inhibited (Fig. 6A) concomitantly with the attenuation of pigmentation in guinea pig skin (Fig. 5) . Since RE had little effect on the number of DOPApositive melanocytes, RE may have directly inhibited the enzyme activity of tyrosinase itself, as suggested by the observed difference in the activity (Fig. 6A ) and the expression of the enzyme protein (Fig. 6B) . Details of the mechanism responsible for the inhibitory effect of RE in guinea pig skin remain to be clarified.
Although the lightening effect of RE was observed both in vitro and in vivo, the expression of tyrosinase protein was increased despite the inhibition of tyrosinase activity in vivo (Fig. 6) . The reason for this discrepancy is currently unclear, but it may be attributable to enhancement of the tyrosinase protein expression to compensate for the inhibition of tyrosinase activity.
The bioavailability of proanthocyanidins has not previously been investigated in detail, although many studies have demonstrated a protective effect of proanthocyanidins against cardiovascular disease.
20) A few studies have detected proanthocyanidin metabolites up to the trimeric form in biological fluids after an intake of drinks or foods containing proanthocyanidins. 21, 22) The degradation of proanthocyanidins to low-molecularweight phenolic acids by intestinal microflora has also been demonstrated. 23) Moreover, 14 C-labelled procyanidin oligomers that had been orally administered to mice have been detected in various organs, although they bound preferentially to the skin, aorta and gastrointestinal mucosa. 24) These findings appear to support our assumption that the proanthocyanidins in RE or their metabolites reached the melanocytes in guinea pig skin and directly inhibited their tyrosinase activity.
In summary, we have demonstrated that proanthocyanidins contributed greatly to the melanogenesisinhibiting effect of RE in B16 mouse melanoma cells. Moreover, RE inhibited pigmentation together with tyrosinase activity in guinea pig skin. These data suggest that RE may be useful as skin-whitening agent when taken orally. Protein Expression in Guinea Pig Skin. Tyrosinase activity (A) and tyrosinase protein expression (B) in the UVB-irradiated epidermis of guinea pigs administered with the vehicle or RE for 35 d were determined as described in the Materials and Methods section. Each value represents the mean AE SD (n ¼ 6). Ã p < 0:05 vs. vehicle.
